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The Guide for Processing Soil Temperature Cbservations is

being published for the first time, It is the remlt of many years |
of exporience gained by the Main Geophysical Cbaervatory in pro=
oensing soil temperature observations and has the purpose of making
available to local administrations of the Hydrometeorologioal Ser=
vios the uniferm procereing method which is in use in the Main
Geophysical Cbsorvatory and which has been tosted in practical work.
The Guide was compiled by workers of the olim’tologya pro=

cessing group and is a collection of principles Waheira%e applied |
in the Main Geophysical Oboervatory. Ye. Ya. Sheherbakova and Ye, |

i, Db

A, Andreyev served as general editors of the Cuide.

Skobtsev, Deruty Chief of the Meteo=-

i 5 DS

rologioal Administration

General Information

Soil temporature cbservations are made in accordance with the
Guide by second=-order meteorological stations of the Main Adminis-
tration of the Hydrometeorologicnl Service JIJSSR.

Soil temperature cbservations (notebooks and tobles) received

from the meteorological stations are subjected to processing

through the following steps:
1, Preliminaty review of notebooks and tables
2. Critical review of monthly tables
3, Checking of notebooke and monthly tables

T T A T S

4. Compilation and checking of anrmal surimaties:
5, Critical review of annual edrimaries:
6, Preparation for printing
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The procedural oxder of the firet three steps is not rigidly
adhered to, Tor inotance, Wiwelskeg~sd notebooks and tables eam |
be ore oritiocal review) preliminery roviow mey be omitted
if the observationa are fully processed immediately upon receipt,
In the latter oase, preliminary review and oritical review ere

combined.
Before proceseing of soil temperature observations can begin,

it is necossary to have complete anawers to the following questions
about the thermometers being useds
1, What types of thermometers are being used: Sevinov,
Shukevich, or draw=out (vytyazhryye) thermometers? !
It is necessary 1o indicate the types of solil thormometers
being used at the stations because not all types of thermometers
set at identicel shallow (up to 0.40=meter) depths give completely

1dentical readings.
2, At what depth wae each thermometer set?

The depth at which thermometers were set miet be ascertained

gince in the course of time the depth may change due to settling

e A 1 55 R s AR e 3

of the soil, removal of soil, addition of soil, etao.

< e

3, What is the control and plant number?
Knowledge of the thermometer's number is required for checking
end as a precsution against substitution of thermometers at the

o o it s Sk A

stations, The observer often fails to report gubatitution.

4e Has the zero point of the thermometers been checked at the
stations; if so, when and how? |

Particular attention should be paid to this matter because in
draw-out thermometers & shifting of the zero point may take place

gs e result of two ceusesi

e

SLATRTED
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e, The passage of time causos deformation of the glass of
the reservoir, This defermation is brought about especially by the
pressure resulting from oxidation of the copper filings and ocauses ]

the zero point to rise,

b, Careless lowering of the thermometer into its tube causes
the reservoir to be jarred on the bottom of the tube, This repeated

jarring also causes the mero point to rise.
5, In what condition are the thermometers?

a. Is the outer glass casing intaot?

b. Is the scale intact?

Defects in the outer glass oasing and in the scale are the
most common defeots in soil thermometers, A defect in the casing 1
can cause a shift in the scale which will reise the thermometer
readings,

ik e 1 S

c. Do the thormometers fit tightly into their tubes and
are they equipped with cloth collers?
If the thermometers fit loosely into their tubes and/or
if oloth collars on their sticks are miseing, cold outside air
will enter the tubes and oceuse the thermometers to give lower

temperature readings,

4. Is the opening in the copper case tightly sealed so that

none of the copper filings have been lostj 1. e., has thet heat
inertis, which a soil thermometer tust have, remained undisturbed?
When copper filinge have been lost, thermometers can change
their reedings at the time they are being read due to the influence
of outspide air., Ocourrences of this nature are detected during
purveys of temperatures teken et great depths, where soil temperatures

often remain almost constent over a long period of time, 80 that a

gudden small incresse in the reading suggests that. the ‘eopper filings may
have been lost.
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e, Doea the base of the copper case reach domn to the
bottom of the tube?
: If the base of the copper case does not reach down to the
bottom of the tube, an air eptee)whioh is a poor ccnductor of heat,
5 will be oreatod,
: £, What kind of tubes do the thermometers have = ebonite
or wooden?
Since ebonite and wood have different heat conductivities,
the readings of thermometers set at identical depths but in different

£l
bll of tubes will differ. i

g. Ham water or molsture entored the tubes?

The prescnce of water in the tubes retards changes in ther-
mometer readings becaure of the high heat capacity of water, In
addltion, there is the danger that at shallow depths where the soil p
freezea’tha base of the copper case,or the cane 1taelf)w111 frooze '
to the bottom of the tube.

6. (}ow hiéﬁwab’e‘am&\i_‘gv f_aj_‘}_ P_di‘vi@gl dapt}g extend
above the surface of the ground;

The height of the tubea into which the thermometers are lowered
is important especially in winter when snow lies on the ground end
when the depth of the snow gfu’;\d‘}exceed the height of the tube.

7. Is there a wooden bench?
a. How is the bench set up?

b, Is the board of the bench removed after cbservations

have been made?

s

S

If there is no wooden bench, the observer is ocbliged to

s
&
b

make his readings on the ground, thus disturbing the natural coverf: -
the grass in summer, the snow in winter.

8, Are the tubes supported by guy wires?
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When the tubes are not sipported by guy wires, the tubes tend
to beceme loose and space forms between the soll and the tubes. The
space distwrbs the normal transmission of heat from the surface of
the soil domward and permits the inflow of water and cold eir into it.
9, By what method were tho thermomoters sets by digeing trenchoes
and holes or by boring them?

The struoture of the soil is broken PSR ——r— - 3

A
vhen thermometers are set by ’ athods, Soil atructure ie

broken less when holes are bored, if the rules set forth in the
directions are cbsorved,
10, Do the thermometers stand in the shade? If so, what shades
them and at what time?
11. In what condition is the surface of the soil during the
summer?
a., Is it covered with vegetation? If so, what kind and how
high is i%?
b, If the grase is being mowed, is this fact indicated?
Vegetation has an effect not only on the temporature of
the surface of the soil but also on the temperature of deeper soil
layers. The effect will vary with the height of vegetation, Mowing
of grass immediately affects the temperature near the surface. Vege-
tation reduces soil temperature during the summer.
c. Is the vegetation characteristic of the surrounding area?
12. In what condition is the surface of ‘the soil during the winter?
a. Is it covered with snow or has the snow been cleared away?
b. Are observations being made of the depth of the snow by
meane of a special depth gauge placed near the thermometers?
To caleulate the effect of a certain depth of enow on soil
temperatures, it is necessary to measure the depth of the snow at

the place where the temperature observations are being made and
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nowhere else,

13, Wee a desoription of the seil profile prepared at the time
#Reh the thermometora were set?

1,. In what kind of sokl wams each thermometer set (olay loam,
clay, sand, charnozem, eto.)?

Warming up of the soil as well as heat transmission dowmnward
dapandr on the physical properties of the aoil,eupecially ite heat
capaocity and its heat acnduotivity, For this reason, the station
miat supply & soil profile together with a desoription of mjcom-
pomiono{i tha geul |

15. I\n the componition of the woil where the thermometers were
set charecteristic of the surrounding area? ,

16, How high does ground wator stand?
Since mointure changes the warmth of the soil considerably, it
is important to know vhether ground weter reaches up to any thormometer.

17. ‘hen were the thermometers set at their respective places?

If & substitution of thermometers was made, what was the exact time

when the change was made?

I. Preliminary Review of Notebooks and Tables

The object of the preliminary review is to make a preliminary
evaluation of the material received and to take steps to correct any
omissions and deviations from the Guide for Second-order Meteorolo=
glcal Stations (Fifth Edition) -made by the observer,

The perscn making the preliminary review mist be well acqudinted
with the Ouide and must Jnow equally well the location of the stationr
4he work wfawhish he is reviewing,

Deficiencies in observation data which require immediate
correction ares incomplete informstion about the soll thermometers

( ; ‘e mumbers, etc.), gaps in observatlons, missing

-6-
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nowhere elee,

13, Wae a desoription of the moll profile propared at the time

#Roh the thermometera were set?
1, In what kind of soil was each thermometer set (olay loam,
clay, sand, charnozem, eto.)?

Warming up of the soil as well aa heat transmission downward

)
{
i
!
f

dopendr on the physical properties of the aoil,oupeo:lany ita heat
capaoity and its heat conductivity, For this reason, the station
mint supply a soil profile together with a desoription of &r)oom- , «
pomma’?} thy QCLL
15, I‘n the compooition of the woil where the thermometers were ,
set characteristic of the surrcunding area? . 3
16, How high does ground water ntand?
Since mointure changes the warmth of the soil considerably, it
is important to know vhethor ground water reaches up to eny thormometer.
17, ‘When were the thermometera net at their respective places?
If & oubstitution of thermometers was made, what was the exact time

when the change was made?

I. Preliminary Raview of Notebooks and Tables

The object of the preliminary review is to make & preliminary 5

¥
&
)

evaluation of the material received and to take steps to correct eny
omissions and deviations from the Guide for Second-order Meteorolo-
glcal Stations (Fifth Edition) made by the observer,

The person making the preliminary reviow mist be well acqudinted
with the Guide and must kmow equally well the location of the stationTMM
e work wiwhied he is reviewing,

Deficiencies in cbservetion data which require immediate
correction are:s incomplete information about the solil thermometers

( ) %Wedr mnbers, eto.), gaps in observaticns, missing
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mima eigne for reedinga below zero, clerical errors, oramures,
vague and obsoure notatione, instances where 0,0 is shown and
obvicusly is an errer, ete.

Inntructions are forwarded to the obeerver to take immediate
nteps to correct and clarify all deficiencies discovered during the
preliminary review,

II, Oritiocal Heview of Monthly Tablea

When beginning the oritical review of daily soil temperature
obsorvations, it is necessary to have not only all the information
about the otation and ita equipment indicated above,but also tables
of bamic obmervetions in regard to general weathor conditicns,

In addition, it is very useful to have the soil temperature
obsexvations of the nearert neighbor!.ng statione, especlally if the :
statione are s}mmu%o ph:,:aical and geographical conditions to
the atatioa *fﬁteri&la 6f—wikoh are being processed.

Critical review of soil temporature observations is carried
out by comparing soil temperature changes in adjacent layers)@-
&ed by reviewin r temperatures and temperatures at the smrface

of the eoil/ g - other weather éonditions ,especially
ngoudineee and hydrometeors,

If soll temperature ohservations of neighboring stations are
available, temperature changes w a given depth are Eompared with
changes kv the same depth at neighboring stations.

Soil temperature changes in general follow chenges in air
temperature. Q“ootnote states that thie statement must be under=
stood conditionally),

Critical review of daily soll temperature observations is begun
with a review of @m average monthly soil temperatures . This involves
comparing the averages for given depths with those for other depths

-7-

ALSTRICTED }

'
Declassified in Part - Sanitized Copy Approved for Release 2012/05/30 : CIA-RDP82-00039R000100080072-4




Declassified in Part - Sanitized Copy Approved for Release 2012/05/30 : CIA-RDP82-00039R000100080072-4

RESTRICTED

and with those for corresponding depths at neighbering stations,
Tt ia enniest to etart the review with the greatest depth since
the temperature changens very slowly there, m ;t a depth
m than one meter the sharp daily varistien in -air temperature
and changes in weather are not reflected immediately in soil tem=
perature changes,

Tt is more difficult to make the oritical review of daily
goil temperatures for shallower depths since all weather changes
are quickly reflected there,

verage monthly soid temperetures for various derths caloulated

from cbnervations made at the Ufa station in 1928 are shown in Table 1.

.Sj_ey,mm; Months —Depths (neters)
Cdgg!;-gaf“& . 0,20 0.40 0.80 1,60 3,20
i)
- 13,6 Jamery - 1,2 - 0.6 0.9 3.4 6.1
= 13,1 February - 1.1 - 0.5 0.7 2,8 5.3
= 11.4 Merch - 1.5 - 0,8 0.4 2.3 4.7
1.1 April 0.1 - 0,2 04 1.9 42
12,4 May 7.2 5.9 4ol 3.0 3.9
16,3 June 12,2 11.8 9.9 6.9 447
18,8 July 16,2 15,1 13.1 9.6 6.0
16.6 August 15.5 15.0 4.l 11.3 7.8
12,0 September 12.3 12,3 12.3 11,1 8.1
3.5 October 5.7 6.6 8.2 9.2 8.3
- 3,0 Novenber 2.2 3.2 49 6,7 7.7
- 10,8 December - 3.5 - 1,6 A 4.6 7.0
Year 5’.& 5.5 5.9 6.1 6.1

- Table 1. ﬂ%ﬂmﬂﬁﬁmréﬁwe» Ufa Station, 1928
Tt 1s apparent from Table 1 that soil temperature follows the

air temperature)m hggm Thus, while the air

temperature from Feln;ésry ‘o March rose somewhat, soll temperatures

HLSTRICTED
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for all observed depthe dropped during the same porioq)and for the
3,20-moter depth the drop contimued inte Moy, Similarly, while

" the average menthly alr temperature reached its meximum in July,
tho maximum average soil temperature for the 3.20-meter depth was
obsérved in Ootoher.

Average menthly temperaturee observed in 1928 at the Ufa
station are shown graphically in Figure 1.

It is evident from tho greph that when tho thermometerse
operate properly and observations are made correctly, all curves
corresponding to the varicus depths are located above each other
in o definite dequence, in direct or converse order of depth de-
pending on the seamon of the year.

Almo clearly evident from the graph is the reduced anmal tem=-
perature fluctuation range at the deeper depthe,

The highest points of the curves, which correspond with the
highest average monthly temperatures, ghift with the depth towards
the la'ﬁtér monthe of the year. Thile shift indicates that soils warm
AW more slovly at the greater depths, although the rate of warming
Q depends on the heat capacity and heat conductivity of the soils.

Influence &f Natural:Cover on'Séil-Temperature

The influence of natural (vegetative or snow) cover on the
variation in everage monthly and average anmal soll temperatures
can be seen from the cbservations made at the Poltav%' station in
1916 (Teble 2), Observations were made similtaneously at corres=-
ponding deptha on two different areas: one area was waste land
with natural cover, the other was fallow land with bare but loose
soll,
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_Dapths (metera)
Tt land Jallovw
0,25 0,50 1,00 " 1,50 2,00 0,10 0.25 0,50 1,00 1.50 2,00
S8 00 2k AR 59 =38 e 2.0 =05 L7 39 56
209 =01 16 3l A6 =T - 0.8 =03 L1 25
.02 =02 Ll 22 34 0.6 0.2 =02 0.9 24 38 11
6.3 5.2 3.6 31 33 76 66 56 bk 3.9 bR !
May 13.8 12,9 1.5 88 7.0 6.1 143 134 1.9 9.7 7.8 6.8
[June 184 17,0 15.4 124 102 89 19.3 181 6 137 12 95
Jly 20,6 19,0 17.7 49 12.8 11.3 21,6 20,6 189 16,5 4.0 12,1 |
jmet 19,0 183 175 158 s 130 102 jo.n 183 17 15.4 13,7
Septembérl3.6 13.8 45 1.5 140 133 L0 145 15,1 15,3 1h8 139 \
Ootcber 8.4 8.9 99 1hd 1.6 1.9 8.0 87 97 11.0 11,9 123 ‘
November 2.2 3,1 4T TR g.8 9.9 1.7 27 42 64 8.6 9.8 \
Decenber 0.8 0.2 18 43 61 Tao- 1.6 0.0 13 34 5.6 T J
‘\Year . g1 82 81 8l 83 83 B Bk Bh 85 8.6

R
N\

?Thie example shovis that all temp

. _._.~Table 2, Average Monthly

and Average Anmual Soil Temperatures,

bere soil than in goil with natural covers

oven sharper if the
heat conductivity. Ye’o)

with cover.

The most frequent d

Effec

temperatures,

defect which is casily deteot
ig a shift in the th

bare soil had not be

et the Velikiy Ustyug station in 1929 (T

it ie clearly shown th

example{to ghow how it is possible to detect

10 =

Poltava, 1916

temperatures in winter and higher temperatures in

ormometer scale.

sble 3) %ne as an

t of a Shift in the Thormumeter Scale

erature changes are mich sharper in
The chanres would have been
en looae, since loosening reduces
at bare soil has lower

gurmer than soil

efect in draw=out 8011 thermometers, but &

od during review of average monthly

Observations made

this defect when reviewing
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averegu monthly and average anmal soll temperatures.
g Jicntha Depthe (metoxs)
0,15 0.40 0,50 0.80 \
|
5 Jermary - - 0,9 1.5 0.4
February - - 2.3 - 0.1 0.1 \
Maroh - - 2,0 0.3 = 0.3 !
April - S 0.3 - 0.3 |
May - 343 5.1 0.7
June 13.1 1.7 1.3 8.4 1
July 16.8 15,4 17.8 12,9
hugnet 15.5 15,4 18.3 .1 |
September 8.9 10,0 13.1 10,7 l"
October 47 5,8 8.9 6.9 |
November 1.5 2.8 5.9 42 1%
Decerber - 0.3 3.6 1.8

YGB!‘ - 1&.9 7.4 5.0

Teble 3. dverage Monthly and Average Anmual Wh

Valik»iz_ Ustyug Statlon, 1929 |
Looking et the average monthly temperstures for all depths, it 1‘
is seen that the temperatures for the 0.50=meter depth stay above all
other temperatures at almost all times.

The same fact can be seen on the graph of menthly temperatures
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During the winter, the 0,40-meter curve should be belew and the
0,80-meter curve above all other curves, During the summer, the
converse should be trues the 0,40-meter curve should be above and
the 0,80=meter curve below all other curves, In spring end fall,
21l curves should intersect, Actually, ac seen on the graph, the
0,50=meter curve does not intermect the other ourves in apring and
!'ull).‘4 Z cnly intersection ooocurs in February - in winter, Thus,

n that all thermometer readings for the 0,50-meter
depth are incorrect, that they are too high., A check of the in=-
strument dimolosed that the scale of this thermometer had shifted
considerably domward, a fact which explaine the hisi readdnge,
Oboervations made with such a thermometer must be rejected.

The observations made at the Khersen (Ayimlmramutim

in 1917 (Table 4) can be used as another example for evaluating

average monthly temperature obeervations, The station wes in opera-

tion only 10 months in 1917,

[)M_o_n;h_lza_ Depths (moters)

/ 0,10 0,20 0,40 0,80 1,60 3,20

. Jamary 1.8 2.3 2.9 4.6 7.2 10.1

{{ Februery - 1,8 = 0,7 0.0 2.2 5.5 9.3

/ March 1,0 0.3 0.5 13 4.0 g.1

: | April 11.4 10,4 10,0 85 6.7 7.6
f Ney U6 13,6 131 1.8 9.8 8.8
?i June 21,0 19,6 18,7 16,5 13.3  10.3
0 - July 23,0 22,0 21,2 19,5 16.1 12,1
Auguat 23,9 22,7 22,1 20,1 17.3 13.6

September 18,6 18,1 18,2 180 17.0 A Lok

October 12,7 12.6 13.3 hVAYA 17.7 14.3

November - - - - - -

December - - - . i _ |
Teble 4. Average Monthly Soil Temperature, Kherson (Agricultural :Goia:egol)
Statien, 1917
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with the temperatures ahoﬁm for other deptha,

Kendowiry the Ootober daily cbeervations (Table 5),dd—te—vewn
that the temperature for the 1,60-meter depth docreases evenly; but
on 9 October it risee 0,2 degree, on 1l October it jumps 1.5 degrees,
and on 25 October rises 0,6 degree, Thesno readings indieate that the

mcale of the thermemoter had heeome loome and alippod domward, The
cbeerver made no comment about thene readingm either in hia notebooks E
or in the tablee. 11

The obmervationn made in October with this thermomoter for the k
1.60=meter depth miat bo rejocted.

Isopleths

The distribution of averare noil temperaturen acrording to
depth and m time may also be rerresented by means of thermo=
isopleths, which are very sotiefactory for graphie ropreﬂantation
gince they permit immediate comprehension of the whole picture,
including tempefahzre variations as well as all defects in tem=
perature aistribution which may be present. Thormoisopleths con=
gtructed from the 1928 data of tho Ufe station and the 1928 data of

e i Al . i B IR

the Poltava station are presented as 11lustrations in Figure 3 and
Figure 4 respectively. The observations made there were good and

the thermolsopleths econotructed from them sxhibit en altogether

normal appearance.

l
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Page 13 (top) in original

DeptWMMMML._W- Anmal Tempe

Firure 3., Thermoisoploths, Ufa Station, 1928

Deptha __Jan._Teb Mer . Apr May Jun Jul.Aug.  Sep. Oct .Nov Dec.

Page 13 (bottom) in original

g
}
?:F
}\{5‘

Correction

]
A

AV. Anmual Temp,

Figure 4. Thermolsopleths, Poltava Station, 1928

C1.  REsTRicpep
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Thermoieoplethe may usefully be employed for plotting leesn than

a full year by months and leps than o full month by days.

After o review of avercge monthly temperatures has been completed,
detailed review of the monthly observation tables, doy by day and
period by period, begins, It must be remombered that the warning

or cooling of the surfece of the soil depends to & great extent on

the heat oapacity end heat conductivity of the soil and that the
temperature at the surface moy differ considerably from the air 1‘
temporature, This circumstence has an offect on the upper soil leyers.
Reviews of daily date should conpider the temporature et the surface
of the soil.

Dete from the Belogorka station prepared in Juue 1928 (Table 6)
furnishes an example of incorrect readings.

In Teble 6, the incorrect roadings for the 0,80 and 1,60=meter
depths on 11 June gtand out conspicuounly. Tt is obvicus in both
cases that & 5-degree {norease is erronecus sinoe the increcse for
the 0,4O-meter depth does not exceed one degrecs

Another, but less gorious error, is seen in the roading for the
1,60=meter depth on 7 June, This could, of course, have been & natural
rise in tempersture for this depth if there had been a great rise for
the depths above it geveral days before. Since this ie not the ocase,
the 8.4-degree reading must be oconsidered erroneous by about 0,3 degree.

This teble makes it clear that when reviewing observations for
the greater depths, 41t is sufficient to determine whether the temperature

changes evenly from day to dey. A1l interruptions in even variation ‘\

must be scrutinized in relation to the readings for the other depths.

Observetions from the Belogorke station covering the days from

P
i
4
i
5‘
3
;
5

20 to 27 June 1928 (Table 7) also serve to 41lustrate how erroneocus

readings for the shallower depths oan easily be deteoted.

wlffm
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i : . -)
'emperature Preci- Weather Conditions Soil Temperatures for Imdicated Dep (
- —— ~Hon 0.%0 0.50 1.9
. T
0700 1300 2100 Mex. Min on a— b
g8 &8 9% 9.0 &1
3 8.0 13.3 b 140 5.3 - e
-1 -
|3 9.1 13.0 10.6 13.3 -1. .
5 9.0 6.8 6.2 10.7 bl 1.6 [ 1) G-asEinydp- 9.19 -
6 5.1 1.6 4.6 1.5 1.8 b.2 (b egiz2ep 1- 8.’ e
. 8.1 X . R R
1 55 69 51 1.1 23 0.1 (0)dxtem e
’ £.7 13.2 - 1.2 - A .
: : o o ¥ 5.8 9.6 9.6 1.3 &7 80 -
23 . 1 . . - 2
‘ e ) 8-1var2yp- 10.3 0.2 1.0 9.0 8.0 9
10 12.2 15.6 15.2 11.6 8.2 1.6 {3 : ot 3
i 11 1.2 1ns w3 13 3
ion 15.0 17.0 16.2 18.9 15.3 1.6 {¢) ®as1s S ar e =
Y12 17.2 150 1.7 17.8 1.6 1.2 (4) ontraiGa . .
e - __ ®able b. Belogorka Statlon, June 1925
= « rai Y”Eﬁﬂt)ﬁ parometer rising unsteadily. (d) Interzittent rdn} )am::t:‘r sising, then steddyz
t n;
é’ R () xntonut.nt nn.\'m-munﬂ- beromster rising.
_CE_'*;" (b) Intermittent rain. Ky .
rain; [one- ﬂxa—lr ‘tarome
g (e) Hail; barometer rising, then falling. @ h“t’;:ﬁ:::: u:;::. -
I ; R
_— —
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Rt
- (m)
/ Tesperatures for Indicated Depths 1
i . Preci- Veather cogditiou— Soil o - >
Date Air Temperature o . | .o
| o B a0 we = o700 1300 2100 o700 1300 2100
y 11.% 11.6 10.5
| .#— 11.0 12.0 11.7 1.5
| > > = - - (l) .-h— 10.6 12.3 12.3 11.0 10.9 12.7 10:3
gao . - s B iy > Lb)w .1 s 13 J 1.2 1.3 12.0 10.3
; 2 123 . . ‘ ! . -
fa 9 : e ne g " LC) i 12.2 13 4 15.0 1n.s n.i 12.% 310.8
- - . . vv ocxp— . . 6 10.8
23 m.g 1.5 WO s &9 32 (NeRE— e i o = ‘ .
| ' . ¢ ' 13.3 10. :
| o 12.7 &8 12.8 15.1 61 0.5 @) e 3 — 3
| . ] X 13.6 1.2 =
!, % 12.0 17.0 124 17.5 6.h s Sy s ) : -
1 iy A . 13.2 171 1.5 13.0 13.0 1%.0 1.
\m — . 151 21 85 00 (Fro— .
iz a2 205 .
: _ wable 7. Belogorka Station. Juns 1928
| - ot e ; beromster rising, them falling.
;S \t\tﬂ%‘_fi;%q;’é? barometer rising unstesdily. (4) Intermittent raln e e j—-—
termittent rainj one-ten! H — - ) .
' o rain; barometer rising, then falling. (e) e rain; baroms then
O o M& =adily. (£) Intermittent rainm.
raittent rain:.(yému—tcnth «éudy; barometer rising uns
(c) Inte: en! J
e
5
=
(72}
E y -
~"*M-~*"‘M—~-MMM
En—
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A bﬁ » v} “da v
m a6 cbmervations)’ the temperature for the

0.,40-meter depth at 2100 houre on 21 June lookr Aeubtiul for two

reasons!

1, The difference between the readings made at 2100 and 1300 \
! is great, 1.8 degrecs) Wt%m difference betwoen the readings made

at theme hourn on all other days does not exceed one degree.
2. This reading ie greater than all throo readings made on
Ay 20
¥ for the 0,20=meter depth. Connequently, the range in the
daily variation for the 0.40-moter depth im greater than that for
the 0,20-metor depth. It is obvious that the cbaerver made a mis=
take, reading 12,7 degrees instead of 11,7 degreos.

Anotner error vad ...s'ic at 1300 houra on 25 June for the same
depth. This figure maﬁﬁ aonsidored wrong for two reaaons’ &hee!

1, It exceeds the readinge for the 0.20=meter depth not only on
this doy but on all preceding days and raises the varintion ranre
on this day to 5 degrees.

2, It completely changes the daily veriation pattern, since
on no previcus day has the temperature risen dw#ng the period from
morning to 1300 hours and the temperature has alvays been highert
in the evening, Thus, there 4p an dovious error of 5 degrees.

The daily veriation for different depths varies with the kind
of soil, Soils with a small heat capacity (dry goils) can be ex-

pocted to have high temperatures during the day and lov temperatures

;, during the night, that is, they have & wide daily variation range.
Solls with a grest heat capaclty (wet soils) warm up and cool off

to a 19397\ 6') egree and more slowly and consequently have a narrower

4

daily variatlion range. Good heat conductivity of the goil assures

rapid transmission of heat dovmwerd while poor heat eonductivity

makes for such slow transmission of heat into the lawer}lying layers
vz

of soil that M at shallow depths there is congiderable lagging

- 20 -
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e T T s
Alr Temperature  Weather  Date —Temperptures for Indicated Deptha (m)
0700 1300 2100 Conditions 0.10 0.20 0.30 0.%0 0.5 0.60 0.70
0700 1300 2100 0700 130021000100130021006150‘13002190010013002190070013002100 0700 1300 2100
‘urauq;;‘
(10 Oct 18.2 27.6 24.0 18.8 23.3 24.5 19.6 21.3 23.8 20.0 20.3 22.9 19.7 19.6 21.6 19.9 19.% 20.6 19.6 19.3 19.9

11 Oct 17.1 26.0 23.9 18.2 22.5 24.5 19.5 20.7 23.9 20.2 20.0 23.0 20.5 19.6 21.7 20.% 19.6 20.7 20.1 19.6 20.0

S.mly
16.4 22,4 16.1 Clear and 10 Oct 15.0 21.5 20.0 15.8 17.8 19.6 16.3 16.2 18.0 15.8 15.5 16.0 14.7 14%.6 1%.6 14.0 1%.0 1%.1 -
et; light
s:.im towards | 11 Oct 14.9 20.1 19.1 16.1 17.% 19.0 16.7 1653 17.7 16.2 15.7 16.1 1%.9 14.8 14.8 1%.2 14.2 .1 - - -
evening
Peaty meadow (wet) soil
10 Oct 15.5 15.% 16.6 15.3 15.1 15.3 14.h 14.% 14.3 13.5 13.5 13.5 12.% 12.% 12.% 11.6 11.6 11.6 - - =
14.6 19.9 15.7 Clear and {11 Oct 15.6 15.2 16.1 15.4 15.2 15.2 1%.% 14.% 14.3 13.5 13.5 13.5 12.% 128 128 1.6 1.6 11.6 - 5 _
quiet :
Table =
-—JNsguwe- 8. Soil Temperature Obqor!-tionf »u Mtfot\»nt Sonl o
» = -
1 [z k=]
3

— e
T et e e e P T T ST WS T SR T



/

{
/

e
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in the mmm and cooling@ proaesees, Table 8 shows the soil
temperature obeervations that were made nimiltanecusly in three
different areas having three different kinde of soils grenitia,
pandy, and peaty meadow golla,

This example shows how differont soils, under identieal weather
oonditionn, abaorb heat in : varying w because of differences
in thoir physical qualitdes,

Granitio soil warms up < the hicheat temperature because of
its small heat oapacity, %ndy noil) and finally peaty
goil which han great heat capaelty boscause of the large amount of
water in it, In roocky soil, which pocsenses good hent conductivity,
daily temperature variations coour from the surface downward to @&
depth of more than 0,70 meter; in onndy soil, they ore noted to a
depth of 0,60 moter; but in peaty soil they are recorded only to a
depth of 0,30 meter,

In rocky and Qandy soils, the highent temperatures for the
0,10=moter depth were observed at 1300 hours,tmt for the 0,20-meter
depth the highent temperatures coourred later, during the night.

Table 9 shows the daily temperature varf[.at on ranges occurring J’f/
At dupetidd dl T
= “temperature Y

in the solls shown in Table 8 Table 9 Lot
[ Fucap—
ranges €epend on soil pmoperties and how 'bhez‘ \m‘ narrvowef with
depth in the case of each kind of soil. '
_Doptha (meters)

0,10 0,20 0,30 0,40 0,50 0,60 0,70

/./S/Zl Varieties

Observations on 10 October

Granttg® 94 5.7 42 2.9 2.0 1.2 0.6

Sandy 6.5 3.8 1.8 0.5 01 01 =

Peaty 1.2 0,2 01 00 00 00 =

Observaetions on 11 October

Granttf® 8.9 6.3 4 3.0 21 L1 035

Sendy 52 2.9 14 05 01 0l - RESTRICTED
\_ Peat 0,9 0,2 01 0,0 0.0 00 =

.. Table 9. Daily Temperature Variatig. Eanges in the Soils of Table &

.
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{ T~
r Tempera Preci- Veather Conditions So1l Temperature for the 0.10-meter Depth ‘\\
= “.— o ) Draw-out Thermometers Savinov The: |
0700 1300 2100 Max. Min. tion \
0700 1300 2100 0700 1300 2100 \
\
\
- 7 2.9 251 |
7.1 29.2 2.7 17. . A
1 15.1 23.2 16.0 24.0 12.3 -
15.9 19.9 17.1 2.7 13.% - 17.0 27.7 2.9 18.5 22.6 2.1
2 15. . . . .
.6 18.7 2.7 2.8
3 15.0 23.0 184 24.0 10.3 2.2 & ayp31%p (O] 18.6 21.1 zau a1 |
¥ 167 19.1 17.9 22.0 143 Lb  €—&ep (&) 18.2 20.0 19. 3 a. =
20.5 20.7 25.0 1.9 1.5 @—%e— {e) 19.% 280 22.7 18.0 1 . :
: e 26.0 11.8 20.4 28.3 4.9 18.9 26.1 5.8 g
6 19.1 24.0 20.9 2.0 1.8 -
{ .0 20.6 271.0 23.0 =
é‘( 19.7 27.0 18.0 28.2 13.2 6.2 @ {4 22.6 3.7 2 0 e 4
s 193 2.5 2.9 2.0 3.9 3.5 ¢—m3eRal) 19.8 268 23.2 19.3 2.4 3
: : : 9.5 26.2 .1 19.3 ®.2 23.6
- July Average
’ ?”1 September
‘2’ 7.6 18.5 1.5 17.6 19.8 1.6 20.0 21.5 19.2
2.5 15.1 T. . 5 -
)3 - 1 12.0 15.0 13.3 15.9 17.0 16.%
2 ° 1.5 10.9 $.9 1.5 L9 0.0
3 () 1.5 159 12.8 w2 155 161 (gg oo Sta-
3 7.7 121 6.4 k.5 59 - i ¢-.
.1 8.3 155 33 - 1n.s 19.5 1.2 13.0 1T. . Ton, Y927
" 8.5 1h. . . -
---ar 140 19.0 18.0
\ 5  10.9 17.7 12.9 19.3 5.9 0.0 (7) !.3 213 15.7 e
\ 13.5 22.1 pLYS § }35 "5 }2.2 ':!{_. 2
I A ) noz st 150 31 Y SE o
___.____Z i % Tqﬁﬁ'ﬁ’ .1Zir ":Jfﬁ'*tl"“——ﬁ'(ﬁ) R 2 7""§iqif,f?§f—.“—’—‘f‘r—“f“,: s ¥ r—ss—-
s Faswbiy Averagl ) - i B e B £
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(a) Intermittent rain;

()] Intermittent rein;
(c) Intermittent raing
s

§4) Thunderstors
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ter 8 then falli (] I.l;hming' intersit » thunderstorm; no clouds.
(o) .
baromeste rising, ng. tent rainm,
clouds; t ris then fal ling. : 4 [n"ﬂltul‘ rain; no clouds.
no ; barome’ er ing, ( )
ntermittent rain; no clouds.

then fall (S) I H

barometer rising, ing.

(h) Intemittent rain;
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It is evident from Table 10 that in all inmtances the draw=out
tharmemeters recorded greater rises and drope in temperature than
the Savinov thermomaters.

These differences in the readings of the two kinds of thormo=
meters are(r (’e-r_ﬁ;t'é‘d\p;pp ):Ln the average monthly figures. Since fu‘
waraing wp Fs;iné the mimmer months umally tekes place in the
morning and during the day, the temperature regorded by the draw=
out thermometers at thene times .in July is higher than that recorded
by the Savinov thermometers., In the evening when the temperature
usually dropn, the draw-out thermometers give lower readinge than
the savinov theruwoneterse

In September, when morning temperatures are not no high, the
draw-out thermometer ghows lowor readinrs than the Savinov thormo=
motor;vﬁ: fact ?n; reflected &30 in the average monthly figures.

Thus ¥Wew, the periocdic variation, the daily variation, and
the monthly variation are all different for the two kinde of
thermometers. The dally varintion range is greater for the
draw-out thermometor.

The irrepularity of the daily vaeriation for the 0.20=-meter
depth at the Lugovodnaya station (July 1935))1:.0 be seen in Table
11 ,scems to explain why draw-out thermometers pive higher readings
dnring the morning )@ particularly the daytime houre)and lower
readings in the evening hours.

At this station, observations were made with Sevinov thermometers
for the shallower depths up to 0.15 meter and with draw=out thermo=
metors for the depths from 0.20 meter downward. As is evident from
the table, the soil possesses poor heat conductivity gince the highest
pericdie temperatures ocecur in the evening abo;ti‘:\f-ht/ ‘the 0,10=meter
denth, But for the 0,20-meter depth the highest periodic temperature
occure during the day rather than in the evening although the lag for
this depth should be greater. Obviously, then, heat is transmitted

TRICTED -2 -
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Date AT Temperature Preci- Weather Savinov Thermomsters Draw-cut Thermomsters
0700 1500 2100 Max. Min. on

.50 =
0.05 = 0.10m 0.15 ® 0.20 m 0.50

2200
0700 1300 2100 0700 1300 210C 0700 1300 2100 0760 1300 2100 o700 130C

11.8 16.7 1.8 128 1.2 W7 13.1 13.2 13.9 13.2 135 13.0 9.8 9.8 9.:
. e s 11.6 16.6 13.6 11.8 13.6 13.8 12.5 12.7 13.2 12.6b 13.2 12.6 9.6 9.8 9.6
i e o :'l; 11.2 15.8 141 1.9 13.5 1.2 12.6 12.7 13.5 12.2 12.912.6 9.8 9.7 9.
. B o 9.9 14.0 13.7 1.3 12.3 13.% 12.3 121 12.5 11.9 12.212.2 9.6 9.6 9.:
; e ]:I-.; :-]'; zb.i : : n 1.2 12.2 13.1 1.7 12.0 12.5 12.1 12.0 12.1 1.7 n.sn.9 9.6 9.6 9.
5 10.8 11.7 12.1 - . . »
N - Table 11. W.Siatton. 5 R
i
| g
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to the 0,20=meter depth direetly along the thermemeter care and
raisen the temperature at 1300 houra, This rise is not noted on
5 July which wae a aold)eloudy day.

When draw-out thermometers are used for very shallow depthe
(0, 03, 0,05, and 0,10 meter), the effect of the brass came may cause
average annual temperatures to bofgomowhat inflated,

The Guide for Second-order Meteorologiocal Stations (Fifth
Fdition) dimoourages the use of draw=ont thermometers in brass
camen for shallow depths (0,03, 0.05, 0,10, and 0,20 meter) because
of the unreliability of results, This unreliability should be kept
in mind vhen soil temperature observatvions of former ywuls are
procesned.

Obsorvations made at the Drasov Exprrimental Fleld Station
in July 1928 (Teble 12) show how observers may record incorrect
readings,

~

Date ___0,05:n Dopth  .0ul0=mDenth.  .Qu25:m Deoth
0700 1300 2100 0700 1300 2100 0700 1300 2100

19,1 23,9 19.2 18,5 21,9 19.9 18,7 20,5 20.3

15,0 22,9 20.4 15,0 19,8 20.8 16,2 18.5 20.5

16,3 25.8 23,2 15,9 26,7 23.0 16,9 19.9 22.4

18.8 20,5 18,7 18,8 18,9 19.0 19.1 18,9 19.5

14,7 20,3 18,5 15,0 17,9 18.6 15.8 17.4 18,6
Table 12, Brasov Expgzimggﬁal Eig&g'staﬁigg,-fply 1928 (Sayé39v
Thermometers) - T )

In this teble, the reading made for the 0,10-meter depth at

1300 hours on 7 July appears to be too high for the following reasonss
1, It is greater than the temperature recorded at the same

hour for the preceding depth.
2. It considerably distorts the ddily variation characteristic

-2 -
[ STRICTED
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of this depth in the given moil, On all other daya, the temperature
for this dep*h increases evenly from morning towards evening,

In order to decide whioh figure ought to be mubetituted for

the reading made by the obeerver, it i necensary to compare the
1300=hour temperatureas for this depth with the 1300=hcur tempera=-
tures for the depthe immediately above and below it.

The temperature for the 0,10-meter depth at 1300 hours must be
lower than the 25,8 degrees recorded for the 0,05=-meter depth and
not lesa than the 19,9 degrees recorded for tho 0.,25-meter depth,
In addition, it mist be lower than the 2100-hour temperature.

I, this manner, 21.7 degrees is found to be the reading which
patiaries all the vequliced cenditionn, The ch=erver, therafora,
made a 5=degree error in recording the reading as 26,7 degreea,

Observetiona made at the Stalingrad a'batit;n in 1929 (Tuble 13)
similarly illustrate how observers may record incorreoct readinge.

In this table, the temperature recorded for the 0.20-meter
depth at 1300 hours on 1 September appears to be too low for the
following reasonss 4 ’ﬂ* 0,/')-/"3'(:"? J’P"

1, While this day was the warmest of ell the days aﬂ:‘dn%\‘:dfﬁ"ﬁm T

regard to air temperature and in regard to soil temperature‘m
9;164&1455& the temperature shown at 1300 hours for the 0.20-meter
depth is lowor ‘than the tempetatures at this time on the other lese
warm days.

2, The air temperature variation on 1 September was very simi-
lar to that of the preceding day: the temperature was merely two degrees
higher, Similarly, the soil temperature variation for the 0,10=meter
depth on 1 September was very similar to that of the preceding day;
the temperature was merely 0.8 degree higher. Obviously, the soil
temperature variations for the 0,20-meter depth on these successive /

A oawmﬂér @i@y

]
days should likewise be similar., Accordingly, the read gfﬁf 1300~

hours on ) Sentember fei-the-O.<U-meter—dopth ought to be several
tonths of a degree greater than 28.1 degrees, Such a reading is

- 28 - RESTRICTED
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//_‘-_//
Temp! tns -
// eraturse Preci- Weather Conditions Soil ratures for Indicated (m)
/ Date Alr e = =~ —
i 0700 1300 2100 Max. Nin, tlon .

0700 1330 2100 0700 1300 2100 0700 1300 2100

29 Oct 17.7 261 2.2 21.5 4.8

23.3 29.8 285.6 .6 21.5 283 21 26.9 71

30 Oct 19.8 27.4 22.1 28.1 16.6 - - oh.1 29.7 28.5 2.9 27.6 28.2 :.: :.1 Z:
31 Oct 18.6 28.1 23.7 30.0 16.6 - - 23.6 30.6 28.8 2.6 28.1 28.7 . 26:5 iy
1 Nov 20.9 30.0 24.8 31.2 18.9 - - a4 3.2 29.6 5.3 25.6 29.0 is 26: z’.7
2 Xov 19.% 24.% 16.7 21.7 16.6 - - 2%.6 29.5 26.3 5.8 271.6 26.5 9 . -

_ Tgble 13. Stalingrad Statio_g.__lg;

-62 -

|
T £

(3L141834
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28,6 degrees, which if accepted in place of 25,6 degrees would
indicate that the obmerfer made an error of three degrees,

Teble 1), shows the effeat on tomperature readingms of water

& in the ebonite tube when enow is melting iﬁﬁ%ﬁiing.
E o
Date

Mﬁ_m.wqu _Seil Tepperaturen at Indicated Pethe (m)i
0700 1300 2100’%% —_—d0 0,35 0,50

‘ 0700 1300 2100 0700 1300 2100 0700 1300 2100
26 Mar «0.4 0.8 0,0 = - =0,8 =0,3 =0,7 =li4 =1,0 =1,3 =2,2 =2,1 =2,0

27 0.2 0.9 0.9 = - 2046 =03 =046 =L.2 =1.1 =10 =19 -1.8 =L7 |

28 0.4 2.0 -0,8 = - «0ud =0,2 =0,6 =1,0 =0,9 =1,0 =1,6 =1,6 =1.6 ;

29 eh5 0,9 .00 = - “0,6 =044 =0,6 =0,9 =0,8 =0,8 =14 1.3 1.3

30 w5,3 =1,8 =40 = - =05 0.4 =0,9 =0,8 =0.7 =0,8 =1.2 ~1.2 ~1.2 |

31 =5,0 0,8 2.6 = - 0u6 0.7 =0.5 =0,7 =0.6 =0.6 <1.1 <1.0 <L,0 |
1Apr 5,1 =0,1 =3,1 =  Vater emtered tub %
*6.50-m\depthel,=0.2 0,1 =0u4 =0.1 0,0 =0.1 =0,9 =0.8 0.0

2 <3 3.0 1.0 2,2 - -0,2 1.4 0,0 0.0 0.,0-0.2 0.0 0,0 0,0

3 0.2 0.6 2.4 = - 0,0 0.1 =0.2 =0,1 =0, =0,2 0,0 0,0 0,0

4 0.7 3.2 =0.6 - - 0,0 1.6 -0,1 =0.2 0,0 -0.2 0,0 0,0 0.0 |

5 -0.2 4.8 1.2 = - 0.1 0.6 0.0 0,1 0.0 0.1 0,0 0.0 0.0 |

6 1.4 6.2 2.6 - - 1.5 1.4 1,0 =0,1 0,1 0,0 0,0 0,0 0,0

7 0k 6.7 kel = - 0.1 2.8 2.4 -0.1 0,2 0,0 0.0 0,0 0,0
.8 5.0 1,0 =5,6 5.8 esyiypy3 (&) 1,2 1.5 0,1 0,1 0,1-0,1 0.0 0,0 0.0
9 6,0 =2,4 =1.3 1,8 wen,l,a (&) 0.1 0,2 0,0 -0,1 0,0 =0,1 0,0 0,0 0,0
21,0 0,0 =48 12" —detmp.  (9) 0.0 0,1 =0.2 0,0 0,0 0,1 0,0 0.0 0.0

-2,0 0.6 =1.0 = - 0.0 0.2 0,0 0,0 0,0=0,1" 6.0 0,0 0,0

217 3.4 13 6.1 ey (A) 0.2 0.6 1,3 C.0 0.1 6,0 0,0 0,0 0,0

0.3 7.8 6,3 = % (=) 0.5 2.9 3.4 0.0 0.3 0,2 0.0 0.0 0,0

3.5 10,8 46 =  Vater removed from
tube for(QTFU-m \
@eptheg 1.4 4.9 4.6 0.2 0.5 0,7 0.0 0,0 0.0

2,6 9.8 5,6 = 1.8 86 5,3 0,7 1.2 2,2 0,0 0,0 0,0

36204 = 5.4 efw (F) 3.2 3.5 7.2 1.9 2.2 3.6 0.2 0.1 0,1
8.6 9.2 7.0 9.2 w=d (9) 5.6 6.2 5.9 3.8 3.8 4.1 0,5 03 0.2
. Table 14, Saratov Station, 1916
(CSTRICTED
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ST RILTED

(a) Intermittent snov; barpmeter rising unsteadily.

(b) Intermittent lnw'; no-non @; barometer rising, then falling.
(o) Intermittent snow; barometer rising, them falling.

(d) Intermistent radm,

() Intermistent sadw; no olouds, :

(2) Intermittent rain; lightning.
(g) Intermittent rain; barometer rising unsteadily,

-
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The table shows that the thermometer reading for the 0,50=meter
depth at 2100 hows on 1 April jumped 0.8 degree and then remained
at gero for 15 deys, On 1 April, the observer noted on his table of

observations that water had gotten into the thermometer tube, Beoause
of the wator, thermometer readinge did not change wntil 14 April when

the water was removed.

{ Corrostion of Individusl Values and Interpolation)

Errors digoovered in observations for considerable depths, where
doily temperature variations are gmall and whero heat is transmitted
very slowly, can in most cases be easily corrocted by referring to
the temperature variation in neighboring soil layers. It is oonoid-
erably more difficult to detoct errors in observations for shallow depths.
Usunlhn only errors several doegrees in mapgnitude can be doteoted and
corrocted, Errors may be corrected either by whole degrees or by tenths
of a degree depending on the month and the depth for which an error in
observetion is discovered, During the winter monthu)temperature changes
uniformly even for the shallow depths, and it is possible to detect and
correct an error even though it is only tenths of a degree in magnitude.
Tt is even more probable that correstions can be made by tenths of a
degree for the greater depths where temperature varietion is generally
uniform.

Readings corrected during oritical review must be marked with
ae agterisk to distinguish them from the readings eccepted as reported
%f by the observer.
é When reviewing observations, it is importent not only to correct
‘ obvious errors but also to £ill in geps in obeervations by means of
interpolation, More preciee monthly everages can be obtained when thie
has been done than when there are gaps in the observations,

It is usually not difficult to interpolate temperatures for the

-3l “ISTRICTED
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groat depths, If the temperature for such deptha changes very uni=
formly and undergoee & change of only i=1,5 degreos during the

entire month, it is possible to interpolate temperatures for as

many as 25 days provided that thermometer readings have been made i
both at the beginning and ond of tho period for which interpolation

is undertaken, Care must be exercised when interpolating for such

a protracted period especially if the period is one when extreme
temperatures set in.

When gaps are interpolated and errors carrected in observations
for shallow depths, it is necessary to take into consideration the
tenporature variation for such depths on days when the woather wos
pimilar to that on the day being interpclated. Interpolation for
shallow depths is possible during the winter months only when snow lies
on the ground and when temperature for the shallow depths shows 1little
change, Table 15 is an example of such interpolation for observations
made at the Novozybkov Meteorological Station in December 1927.

In this tablu’there are four consecutive days for which ob=-
servations for all depths are missing, but,duo to the deep snow
cover,temperature variation is uniform and interpolaetion is possible
even for four consecutive days, If there are gaps of one day or of
several consecutive days for all depths during the summer (when temp~
eretures for the shallow depths change sharply) and if there are
interpolated values in the basic weather observations of the table
(the basic weather obgervations also being missing), interpolation
for the shallow depths ghould not be undertelken for more than two

ﬁj consecutive deys. When basic weather observations are complete,

%ﬁ the number of permiseible interpolations for shallow depths during

the summer increases to three consecutive days and to four noncon=

gecutive days.

w32 s THICTED
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i - Wi tures for ca & (
Date Preci: eather Conditlions Snow Soil Temperal Indicated ths (m)2
"], WM e jullihiutn — §:
0700 1300 2100 Max. Nin. tion 0.1% 0.20 0.%0 0.850

0700 1300 2100 0700 1300 2100 0700 1300 2100 1300

M o
32 0.2 0.2 0.1 O0b 0k 03 1k 1% 1 3.3
- 9.0 -19.3 - " M o
1 -11.1 -12.1 -18.8 - 9.0 -13.3 ;2 -0a -0.2 0.2 01 0.0 0.0 1% 1% 1LE 33
- 2
-22.1 -17.5 -20.1 -17.0 =23.3 . 00 01 01 1% 12 1.3 3.
- B -13.2 -11.3 -11.1 -21.3 0.1 “*7— () 2 0.2 0.2 02 0.3 1.2 13 12 3.1
B AT s0.8 = (P 2 -0 00 01 01 0.2 03 1 -
-3.9 - 3.7 -11.3 0. 2 12 12 3.
W - T2-%3-39°3T 5 %5 c) M 0.2 0.2 01 O0X ok 03 1.2 1 ”
- - 3.0 =13.% % 2 1.2 1.2 N
- 5.2 - 5.7 -13.2 = 3.0 o 1 03 03 0.3 1.
. 1.5 - 1.8 = 1.5 =13.7 0.3 «fim.1.8,2,2:3 (4j » o1 01 O 3 s o3 12 12 12 32
! 1 o3 ] 6 -10.4 0.2 - OW'? (‘Q‘) }“ 01 o1 01 0-3 -3 ’ pe 1.2 *3.1 ;
By -9.0-82 -0-3 = 15 =0 - e0.1 0.1 %0.1 *0.3 ®0.3 *0-3 *1.2 *1.2 1. - &
’ - -11.6 - .2 *3.1 5
{18 -n3-n2-n.0-0.3-0 o3 *0.1 *0.1 *0.1 *9.3 %03 *0.3 *1.2 *L2 1.2 %3 3
11,0 -6 - 2 030 &
) 19 -12.8 -2b.2 2162 1.0 A6 e %0 0.1 0.1 *0.3 0.3 °0.3 1.2 .2 ".2 *3
i = -22.1 = *3.0
| 0 -17.9 -19.2 -21.8 -16.2 o o1 o1 w0 %03 %83 %03 12 *L2 *L2 *3
H - - . - .o
L@ 19771627152 132 28 % oz o0z 02 03 03 03 1.2 12 12 3
Y : - -9g.2~1.7-13.6 - . 1.2 3.0
-\22 a2.2-81-9.2-1.1 - o2 02 0.2 03 03 03 1.2 1.2
S tal Station, Decesber 1927
3 o - - . Novosybkov m@ﬂ_@h@#’?__ 8 3 ter rising unstes3ily.
gj .!a'blo 15. Novosybrov = (@) Slight snow storls th «ouly; bercmeter
(a) Imtermittent snovi 59 chonde: t snow it%m-#%:l‘ha: baromster rising unstesdily.
() Intermittent snow; beroreter ricing, then falling. (a) suien

(c) Intermittent snow; barcameter rising unsteadily.
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Ten-day averages oontaining interpolatiens for three daye
and monthly averages containing interpelationa for four days are
marked with an asterink, If the number of gapa in obmservations
exceeds four per ienth, interpolation iz not carried out and monthly
averagea are not computed, But a greater mumber of daye is per-
misnible in the winter months,

An example of interpolatien for shallow depths is shown in
Table 16,

In this example, the chservation for the 0,05-meter depth at
2100 houre on 27 July is missing, From the banic wenthar obser-
vntiona of the tabjeiit im anparent that the air temperature
dropped on 27 July and that thore was a.rainstorm towards evening.
The drop in temperature is noticeable in the temperatures for the
shallow depths. The following procedure is followed in finding
‘the nu;ber to i1l the gap occasioned by the misaing obmorvation.

1, The temperatures observed at 2110 hours and 1300 hours
for the 0,05=meter depth are compared, It is seen that on the
two preceding days they differed by £;ar degrees and 4.7 degrees,
but the differences became smaller on the succeeding days breause
of the colder weather.

2, The temperatures observed at 2100 hours for the 0.05-meter
depth are compared with those observed at the seme hour for the
neighboring 0,10-meter depth, The comparison shows that these
temperatures were equal on the preceding days but that the 0,10-meter
depth temperatﬁée were higher than the 0.05-meter depth temperatures
on the colder succeeding days.

It 1s possible to aseume from these comparisons that the most
sultable number for the missing observation is 19,0 degrees, The
number is marked with an asteria£ to show that it was not obtained

by obeervation.

-3 - RESTRICTED
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Date Air Temperasture Preci- Weather Confiitions Soil Temperatures for Indicated Depths (m):
0700 1300 2100 Mex. mn.i% 0.05 0.10 0.2 0.%0
0700 1300 2100 0700 1300 2100 0700 X300 2100 0700 1300 2100

25 19.4 25.5 17.2 26.311.2 - 17.2 26.4 22.4 17.2 21.0 22.3 17.2 20.3 19.7 15.1 15.2 5.3
26 20.% 26.% 17.8 27.7 14.7 1.0 :E__m;(a) 18.2 27.2 22.5 18.% 22.2 22.5 18.2 21.1 20.2 15.% 15.7 15.7
271 18.8 23.2 16.5 4.8 12.3 24.h Faeor W 18.1 23.7 *19.0 185.3 20.9 20.0 18.% 19.3 18.8 15.8 15.8 15.8
‘ 28 11.5 149 9.616.7 9.7 15.2 emLEGwrplc) 15.3 15.7 15.0 17.3 16.5 16.5 17.9 16.5 16.2 15.7 15.6 15.3
a\\ 29 12.8 17.6 10.919.5 8.4 2.3 ejgp ) 12.7 17.5 16.5 13.6 16.7 17.2 14%.9 15.6 16.2 15.0 1.9 1k.8
N
' s -
v T . 7aMe16. Aksenovakays Station, July 1928

e) Thunderstorm; intermittent rain.
Fb) Thuna

'm; intermittent rain.
Lot
\ c) Intermittent rain; less than one-tenth dc@; barometer rising, then falling; thund b rising, thea falling.
(d) Intermittent rain; thunderstorm.

UJ.L.‘Jluj,s Iy

~ Declassified in Part - Sanitized Copy Approved for Release 2012/05/30 : CIA-RDP82-00039R000100080072-4




Declassified i - iti
ified in Part - Sanitized Copy Approved for Release 2012/05/30 : CIA-RDP82-00039R000100080072-4

After detailed analysis of monthly observations hae been come
pleted, oritical review of the observations must be undertaken,

o

Tt is still necessary to review extrems (maximum and minumm) soil %

temperature figures for each depth, the dates when they ococuxred, ‘
and for the winter months, aleo the number of days with sero and

subgero tomporatu'oo,md tho times when the first ard last frosts

ocourred at each depth,

When reviewing these figures,it should be remembered that
the transmission of soil temperature fluctuations into the soil
slowe up with depth 80 that the dates of ooourrence of extreme
tompornturas usually advance with depth, But, conversely, extreme
temperatures for greator depths sometimes ocour before those for
lesser depths, This happens when air temperature rises or falls
repeatodly. If the first period is a protracted period, the temp-

erature fluctuations,.pec far to it have time to pepetra info 4+
i s S pbil B LGB R iy
the solll sITowing period, ch are, n thoug el,

more severe, penetrate lesp deeply, [Rxtreme temperatures will

then result for the lesser depths from the later, but more severe,
period than for the deeper depths from ‘iu'lier, but more protracted
period, Thus it happene that meximum or minimum temperatures in a
given month (ag well as during the year) may ocour earlier for the
greater depthe than for the lesser.

Because dally temperature variations do not reach down to

depths of 1,6 meters and more and because these depthe have only an

annual temperature varistion, the dates of ocourrence of meximum ‘ame

and minimum temperatures uguelly fall either at the beginning or at
the end of a month except when the temperature, having reached lte
maxinum sometime within a month, begins to fall or, heving reached

148 minimm, begins to rise.

8ince, in winter, temperature rises with‘.igméﬁg depth, the

-36e
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réasy
number of daya with sero and mubzero temperatures mist deoldme

with depth, [ %n npring)laro and rubzero temperatures may be '
recorded in moil layera for whioh negative temperatures had E:me&“*é
4 not been observed,

Critieoal review of snow cover dopth is carried cut by com-
paring soil temperature observationa with the cbservationa from a
ntationary smow gauge (recorded in the table of banio weather
obsorvations), \chﬂwi_nicl _‘_’f_’_’_i_d_f_rf"'_i%l“ ihe characterintion
of the plnloa where the gaupre and tharmomem:'- N
polation of snow cover depth f£ipures and rumber of days with anow

cover is undertaken only whon the firuren are rerfeatly obvious,

Conditions for lejecting Observations

Low quality observations may be rejected either for the year
as a whole or for individual months, They may be rejested in their
ontirety or with respect to individual depths, Observations may be
rejected for the following reasons:

1. If thermometere are not ret in accordance with instructions:
for example, if drawnfg}rermometore are sot in metal tubes instead
of ebenite, if the ground where thermometers are set is not natural )
but deposited, ete. In such cases observations are rejected for
the entire year or all years during which the incorrect setting of
thermometers took place,

2, If the thermometer for any depth has a sionificant defect da /\EM 0’% }
@romdd which 1t #ives incorrect readings (especislly, shifting of

the mcale or entrance of water into the ebonite tube), In this
case obeervations are rejected either for the individual months
during which the thermometer was defective, or for the entire year

if it wes defective during the entire Yyear,

3. If thermometers in ebonite tubes set for very shallow depths
(0,03 and 0,05 meter) give readings which are too unreliable and

”ESTHICT ED
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which would distort the average anmal temperature variatien,
Observationa from mich thermometers are not rejected for the entire
year.

4s If obamrvations for a given month contain a large mmber
of gape which cannot be interpolated. Such observatione, however,
are not rejested for the whole month, But if the number of maps
ie grent for all montha of the year, the obmervations are rejected
for the whole year.

5, If obmervations for a dopth of less than 0,75 meter are

made at only one hour daily instead of four (ric).
IIT, Genoral Instructions Concerning Checking of Tables

It should be kept in mind that chopking of tables is not a
purely technical procens but 2z£%£§é#éfg§iamenta eritical reviev
and that in all camen of doubt the checker should conmlt with the
specialist who performed the eritical reviow,

Only prrsons capable of making computations and fully familiar
with critical review work Eﬁ’ to be permitted to act as checkers.

The readinre of all thormometers not rejectcd by the specialist
are chocked. The fact that the pbservations have been pansed by
the speciallist munt be noted on the right side of a table.

A1l figures and all 10-ddy and monthly averages are checked,
Also cheoked is that portion of tables which shows maximim and
minimum temperatures, the dates of thelr cccurrence, and the number
of days with zero and subzero temperatures,

The depth of snow cover is checked day by day and by 10=dey

periods, Summaries and averages are verified.
IV, Preparing and Checking the Anmual Summaries

General Information

Tn sccordance with accepted procedure, anmuel summaries of soil

. RESTACTED .
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Page 7 in original

JenF ebMarAprMayJunduliugSepOotNovDeo
Figure 1. Anmual Soil Temperature Veriatioms, Ufa'Station, 1928

e e e : ‘PQBP .

Page 11 in original

—TanF eblarApriiayJundu LAugSepOotiiovhes

‘ Figure 2. Anruel Soil Temperature Variaticms, Velikiy Ustyug Station, 1929
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temperature oheervation tables are prepared by monthe and by 10=day

perieds, Infermation conaerning snow oover depth is shewn in

gonnection with the smmmary by 10=day periods.

Freparing the Anmal Summary by Monthe
The anmal mmmary in prepared by listing the average monthly
valuen for each depth acnording to obmervation periods, Thon an
2160 mj‘::r the yoar is computed for each ohaservation pnriodf?w, U
Finally, an anmual average for ench depth is commuted from the
obmervation period annual averagost.
The monthly oxiveme (maximm and mindrmim) tomporatuz/s and
the dates on which thoey ocourred are linted in the following manneri
if the oxtreme temperaturos cccurred on two days, both dates are
1inted; if they ocourred over a period of more than two connecutive
days and the number of dayn ir odd, then the middle date in lirted
and encloned in parenthesés )\mt {f the number of dayn 1s oven, then
the two middle dates of the poriod are 1intod and enclosed in
parentheses,
Examplet if the maximim tomperature occurred on the days 5=9,
the listing is (7); 4f the minimim cccurred on the days 5-10, the
1isting 18 (7,8).
In cases when extreme temperatures occurred in several periods
or on several individual days, then dates are 1isted only when there
b were not more tran two of these/%n all other cases, o dash replaces
%: the date.
Exemples 4if the maximum occurred on the days 7 and 18-20, the
14oting is 7(19); if on 14,16, and 17, 1t is =3 if on 6,7, and
25-27, it i =3 4f on 7-11 end 18-20, it is (9,19).
Extreme temperatures for tho year are chosen from these monthly

1istings as followst if the extreme temperature occurred on two

-39 -
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daye or in two months, then only the montha are listed, witheut dates,
Ir the.ra s a danh.m;tm of a date in the monthly listing, then,
d the yealyThe month is follovwed by a dash,
The days with zero and subzero temperatures are totaled and

the tcﬁmared in the "Anmial" column, The datea on which the

firat and lant fromtm coourred are almo entared in their appropriate

columns,

Preparing the Annunl Summary by 1O=Day Periode
Anmial mummarien by 10=Aday pericds are propared for deptha up

to 0.5 moter, In the mimmary, average valios for each 10=day poriod
are linted anccording to obmervation prrioda. Then an anmal average
in gomputed for ench depth from this data, Fxtreme tomporatunes
are also listed by 1lO=day poriods,

In regard to denth of snow nover, */averarr,e dopth for the

—

10=day poriods is listed in round crontimetors. If tho depth ia
unknovm, a dash 1is uned to indlente thisj if thore was no mnow

covor, a zero is used,

Aftor the anmwl mummary has been prepared, it io subjected

to checking according to the general rules for tochnical checking.

V. Oritical Review of Anmal Summaries

After technical checking, the anmual summaries preparod from
soll temperature ohservations are subjected to criticel reviev.
The purpose of critleal review of anmual summaries is to pive

Hv
{ the observations a final quall " ating in regard to thelr usefulness

for practical and sclentific purposes.

In the course of eritical review of anmual nummariee, |
o) of various kinda whioh notyeXpos \

or were not appsrent during eritical review of daily dataw

The person who makes the critical review of anmual summaries

RESTRICTED
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muet be acquainted with the physical and goographical conditions
prevailing at the ptation and with the soil inetallations there)

he must have all the notes which were made during preliminery and
oritical review of the monthly tables, the graphs of annual tempera=
ture variations for the various depths or isopleth graphs, the

besic weather obsewatioJ materials of the sta'ion being reviewed,
and the annual summaries propared from the soil temperature obser=
vations of neighboring statione,

The methods employed for oritical review of annual summaries are
the same as the methods used for reviewing daily data. In addition,
it is useful to have observation dntﬁ of preceding years available
for comparison purposes,

The oritical review of annual summaries should begin with a
review of average annual temperatures for the various depths Just
as the review of monthly tables should begin with a review of average
monthly values.

. It should be remembered that aversge annual soill temperav tures
for the various depths differ merely by tenths of a degree (see
Tables 1 and 2).

Average annual temperature veries wiformly with a change in
depth, either deorcasing with depth (insclation type) or inoreasing
with depth (radiation type). Depending on elimatic conditions in
individusl yeers, a prevalent type may change into the opposite type.

Observations mede at the Novozybkov and Ufe stations (Tables 17
and 18) serve as examples of the change from the usual variation of

average annual temperatures to the opptsite veriation,
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Compoeition of Soil Depth, . _Averaze Anmual Soll Temperaiure
n
/ 1925 1926 1927 1938 1929 1930
Chyoy nand 0,15 8.6 8.6 9.1 706 8.2 8.3

0,20 8,6 86 9,0 7.6 82 8,3
0.40 84 8.4 8.8 7.6 8,0 8.3
0,50 = - 8.8 7.7 &1 &3
0,60 8,, 8,4 87 7.8 81 8.

Sand 0,80 - - 8,5 7.7 8,0 8.3
1,00 8,4 83 8,5 7.8 8,0 8.

2,m A/ 8,2 8.4 - - -
\Tww

ddpave 17, Novozybkov Agricultural Exporimontal Station

Qomposition of Soil Dopth S n n
o 1924, 1925 1926 1927 1928 1929
Chornozem 0,20 6.4 Tk = 65 5.4 49
Red Glay 0,40 6.4 73 61 65 5.5 48
0.80 6.6 7.2 6.3 6.6 5.9 4.9
Sand 1,60 6.6 17,0 6,2 6.4 6,1 5.1

\“\ 3,20 6,6 6,7 6.4 6.2 6,1 5.4
Table 18, Ufg Statdon.

It is apparent from Table 17 that average anmial temperatures
at tho Novozybktv station defsgase with depth (insolation type))
but thot in 1928 and in 1930 thoy Welwe—E Gonverse variation

(radiation type); 1928 was a cold yenr with vmttle sngw cover
during the winter, while 1930 was not cold b?h%m
sNOW cover. .

Trom Table 18 it is apparent that the radiation type is the

usual type of temperature vgriation for the statlon, But in 1925
and 1927, the insolation type of varlation was observed, There was
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deep enow aover in these years, and in 1925 thesa=wee=w(warm\winter 4w/dl
an compared with the other years eshown,
Often a station has a mixed type of variation, that ias, with
s inoreasing depth the temperature firat risen then drops, or the
aonverne,
Examploss
Kuehuk=Totaykoy, 1915

Denth 0,10 0,20 0,40 0,80 1,60 3.20 i
Average Annmual fempornmre 11,5 11.7 11.8 11,9 11.8 11.7

Khonheutovnkiy Sector, 1915
Dapth 0,05 0,10 0,25 0,50 1,70 2,0 3,0
Average Annial Temporature - 11,6 11,3 11,2 11,5 11.8 =

Gorodishchenskoye I'orent, 1915
" Depth 0,10 0,20 0,40 0,80 1,60 3.20
Avorage Anma Temporature 10,6 10,6 10,7 10,6 10,6 10.4

In reviewing the averare monthly temperatures at the Volikiy
Ustyug ntation in 1929 (sce Table 3), the innccuracy of the thormo= !

motor for the 0,50-motor depth is clearly apparent in each month |

, during the whole year. MIn other ocases, the average monthly tempera= |
g Pt a L i |
E turos do not Yhehd-dn-sdes lear ‘ndication that the thermo-
3? meter was inaccurate, but the average anmial temperature does pive

an indication that some defect(In the obeft atiéw Tablo

19 illustrates this fact.

- 43 -
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- 226
0,03 0,10 0,25 0,50 1,00 0,03 0,10 0.25 0,50 1,00
Jarmary =47 =hel «3.5 =19 0,7 =3.2 =R:1 «0,6 -l.1 3.6
February =2.9 =29 =23 =l 005 wheh =342 =18 =03 243
March 2,0 1.3 0.7 0,5 1e3 =13 e1,1 =0,7 =0:2 2.1
April n8 7.2 65 89 5.3 5.5 Ae3 343 2.5 34
May 18,4 7.7 15,8 13,7 11.3 15,9 4.8 13.0 11,7 104
June 21,5 2l 1945 17,4 1.9 210 20,4 18,8 17.1 15.3
July 23,3 22.8 21,6 19,9 175 22,9 22.1 20,6 18,7 15.9
Aupuet  22.1 21,6 20,9 19.9 18,2 20.1 19,6 19.2 18,2 16,6
Septemborl3.0 15,6 15.7 16.0 15.9 15,0 1A6 14.7 15.0 o6
Ootober 7.0 7.2 8,6 10,6 12,1 7.2 2 7.9 9.5 108
Novembor 2.4 245 3,8 5.7 7.8 3,0 3.3 4D 5.6 743
Degember =0.5 0.0 L1 2.8 5.0 =1.0 =0,6 8k 2.3 bl
Anmial 9.3 9.2 9.0 9.1 9.2 8. B3 8,3 8.4 89

Table 19, Avorafe Monthly and

Averape Anmal Soil Tempernturee,Koaﬁxghgggkny:;

Notet

The soil ia sandy Toam to a depth of 62 centimotors,

and sand below 108

clayey loam to a depth of

contimeters.

A , first of all, at the average &
both yenrs dincl
1,00-moter depth in 1926 1

for the neighboring depthe’and gtands Qe

oses that the

108 cdntimoters,

while in 1925 1t is more or less normals A

monthly temperatur
the first half of 1926 for

to the notebooks and observation tables

of the observer

thermometer for

that the former gave a 1l,3~degre

the 1.00-meter depth 2o nigh.

nmial temporatures for

erage anmal temperature for the
s high a8 compared with the temporatures

5.0,6 degree ahove ‘them,
[¢

the average

e variations discloses that the temperature in

Reference

ﬁ;veals the following note

+ "it was notlced on 12 July that the scale of the

the 1.00-meter depth is broken and has shifted dovm=

ward, Comparison of this thermometer with ite replacement showad

o higher reading. Wlhen the new

thermometer was prassd into the ebonite tube in place °§E§1?ﬁr{ﬂ‘§{,

RN
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it showed within an howr a reeding 1,2 degrees lower than the last
readiig of the old thermemoter."

Tt is therefore definitely trus that the thermometer gave readinge
which wers too high during the first half of the year, If all readings
during the yoar had been made with this thermometer, the average annual
temperature would have been 1,2=1,3 degrees higher than it should have
been; but since the defective thermometer was used only during the first
half of the year (up to 13 July), the errcr wes out in half and only
came +o about 0,6 degree as the table indicates.

When did all roadings of this thermometer beccme excessive? Re~
ference to the daily observations for the 1,00-meter reveels that this
thormometer began to give inexpliocably high readings for this depth
beginning with November 1925 and continuing through 1926, Apparently,
the broken scale shifted downward slowly and by July was giving read-
ings 1,2 degrees in error, Since the error in the roadings during the
first half of the year was not oonstant, it is not practicable to
adjust them; all readings up to and inocluding July must be rejected,
but those from August on when the new thermometer was installed must
be processed.

After review of average annual temperatures for all depths has
been completed, detailed review of average monthly and ennual data
for all depths from observation period to observation period and
from month to ‘month is taken up, In making the detailed review,
attention ise Wlo‘a only to thg absolute values but elso to the
relationship between observation periods. Upon such comparison,
the daily temperature variation for each layer and the rapidity of
heat trensmission downward into the soil become clear,

In the soil layers nearest the surface, the maximum temperature

“45m
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im_obmerved at 1300 hours[ yith inoreasing depth, the maximm reading

tends further and further towards 1900 henrs until the dally temperae

ture variation ceanen entirely.

Tt is oonvenlent to ure graphe in aonnection with the analyale

s
\

¢ of prriedie values by monthe and by 10=day perioda just an 1t 18

sonvenient to une them in conneotion with the review of average

anmal temperatures., DY simdying the graphs, 14 is eany to discover

defects in the observaticns,
The number of deys with zero and subzero temporaturen and the .

times of ocoocurrence of the firat and last frosts are reviowed,

The number of dayn with zero and mbzsoro temperaturon mirt dealine

with inorearing depth aince ,in wintor,temmirnmro rison with dopth

(but in rpring it in pormihle to have a numbor of days with zero '5;

and subzero tompornturca in the layors for which nogative temperaturcs i

had ‘boen obmerved), In all casoe vhen irrepularitien ¢

in tomporature varintion are observed, it 1s necossory to rofer

to the reviow made of dally dnta, to air temporature, to tempera=

ture at the surface, to wo:ther conditions, and gometimes even to {

the nrimary source, the ohserver's notebook.
Every question in rogard to average data which has arlsen during

reviow of monthly tablea is definitely mettled during the review of 3

. annual summaries. . w
If in the course of the year an exchange of thermomatoers

place, thon the data for the month when the evchange took place
ghould not be accopted in thelr entirety or should be marked with

an asterisk as peing dcubz Average anmal valueq should not
be computed if M ‘thermometers mduring the

year.

Average anrual values in the summaxles are marked with an
\)

antoriek if the data for four mont 5 marked with an asterisk.
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VI, Preparation for Printing

Copiem are made of all mimmariss declared sultable for prine
ting, After ocoples have boen compared with the originals, the
copien are mbmitted for printing,

The ntation murt be properly identified on the eummary,
Identification inoludes the name of the ntation, itms coordinaten
procise to dtne mimute, the oclevation of the mtation sbove nea

level precime to round meters, and the initials and name of the |

observer,
All moterinls will be propared according to =tatlons in, the !
G ot
name ordar%x vhich they are to be printed, thnt is, fro :
and | "Then two linta will be compiled in glphabetical

order, The filrrt list will inelude thore ntationaL%arizlﬂ

ofakldn will be printed ') tho necond lint those utationsL
natoriale efwided nro available but vill not be printed,

[Eorrectiona of errors in the original-as indicated by an errata

sheet have been made at the appropriate places in the transla‘oiqn7

= END =
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